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The structure and properties of high-basicity aluminoferrosilicate melts in the presence of individual and com¬ 
plex additives are investigated. The obtained regularities of modification of viscosity, surface tension, and 
structure of clinker liquid depending on the type and concentration of modifiers can be used to predict kinetics 
of liquid-phase sintering in different silicate systems. 


Complex salt-oxide melts are formed in synthesis of va¬ 
rious glass ceramic materials. The rate of mineral formation, 
phase composition, and microstructure of materials obtained 
in technology of glass, glass ceramics, binders and products 
of high-temperature slag processing depend on the structure 
and properties of aluminoferrosilicate melts originating in 
firing. The structure and properties of melts based on acid 
and low-basicity systems are considered in detail in [1], but 
similar data for the high-basicity range of the CaO - Si0 2 - 
AfO, - Fe 2 0 3 system with a calcium oxide content over 
50% (here and elsewhere mass content is indicated) are vir¬ 
tually absent, which prevents predicting the mechanism and 
kinetics of mineral-forming reactions. Controlling the pro¬ 
perties of high-basicity melts by optimizing the ratio between 
initial oxides is little effective [2, 3], and a cardinal modifica¬ 
tion is possible only in the case of using components that 
have a significant effect on the structure of the liquid phase. 

At a temperature of 1338°C, a eutectic melt of the fol¬ 
lowing composition emerges in the CaO - Si0 2 - A1 2 0 3 - 
Fe 2 0 3 system (%): 54.8 CaO, 6.0 Si0 2 , 22.7 A1 2 0 3 , and 16.6 
Fe 2 0 3 . On further temperature increase, the melt becomes 
saturated with oxides of calcium, silicon, aluminum, and 
iron, and at 1450°C it has the following composition (%): 
57.0 CaO, 7.5 Si0 2 , 22.6 A1 2 0 3 , and 12.9 Fe 2 0 3 . 

The skeleton structure of a high-basicity aluminoferro¬ 
silicate melt, according to 1R spectroscopy data, in made up 
by silicon-oxygen radicals present mostly in the form of 
anions [Si0 4 ] 4_ , ions Ca 2+ , and amphoteric ions of aluminum 
which, depending on specific conditions, form part of groups 
[Me0 4 ] 5 ~ or [Me0 6 ] 9 ~. A salt-oxide melt typically forms 
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more complex groups of the type R, [Me0 4 ] + or R, [Me0 4 ] 2+ 
(R are weakly polarizing cations K + , Na + , etc.). The stronger 
cations (Mg 2+ ) are arranged near the non-bridge oxygen ions 
of the tetrahedron [Si0 4 ] 4 . With a low concentration of 
modifier ions, simple groups [Me0 4 ] 5 or [Me0 6 ] 9 prevail 
in the melt, which is corroborated by the IR spectra of re¬ 
spective melts. The amphoteric nature of aluminum and iron 
ions determines the existence of acid-base equilibrium be¬ 
tween their different coordination forms in the melt: 

[Me0 4 ] 5- + 20 2- [Me0 6 ] 9- Me 3+ + 60 2 A 

The direction of a shift in acid-base equilibrium in a melt 
in the presence of modifying additives is determined by their 
acid-base properties. With a high content of modifiers, modi¬ 
fications of the properties of the liquid phase cannot be ac¬ 
counted for only in the context of acid-base equilibrium. The 
tendency of ions to associate with complex groups, on the 
one hand, and limited solubility of salts or salt-based com¬ 
plexes in an oxide melt, on the other hand, produce liquation 
phenomena, which modifies the melt structure and, accord¬ 
ingly, its properties, such as viscosity and surface tension. 

In a joint presence of several ions in the liquid phase, its 
properties do not change additively depending on their con¬ 
centration. To determine a complex effect of elements on the 
properties of the liquid phase, the mathematical design of ex¬ 
periment was used. The viscosity of melts was measured 
with a EVI-70 PM rotation electroviscometer, and the sur¬ 
face tension by the method of maximum pressure in a gas 
bubble. The choice of structure modifiers was based on the 
efficiency of their modification of the parameters of acid and 
low-basicity silicate melts [4]. 


296 


0361-7610/03/0910-0296$25.00 © 2003 Plenum Publishing Corporation 





Composition, Structure, and Properties of Oxide-Salt Melts 


297 


Investigations revealed that alkali metal sulfates increase 
the mobility of the melt (Fig. 1, curves 1 and 3 ), but less in¬ 
tensely than only SO 4 anion. This is due to inter-ionic inter¬ 
actions in the melt, which leads to a modification of the 
acid-base equilibrium under a simultaneous effect of the acid 
(SOJ ) and the base (R + ) components. A less perceptible ef¬ 
fect of K 2 S0 4 compared to that of Na 2 S0 4 , as well as abnor¬ 
mal behavior of the melt viscosity in the presence of K + and 
SOij is due to higher basicity of K + ion than that of Na + ion. 
As a consequence, the anion SO 4 does not compensate for 
equilibrium modification, and the viscosity of the melt with a 
content of K 2 S0 4 over 1% increases. With a lower content of 
sulfates, their effect is registered to be additive. Magnesium 
oxides introduced in an amount up to 4% into the liquid 
phase decreases its viscosity. The cation Mg 2+ has an espe¬ 
cially intense effect when its content is up to 1 %, which is 
due to lowering the strength of heterocomplexes. 

The joint effect of alkali, magnesium, and sulfur oxides 
on the viscous flow of a high-basicity aluminoferrosilicate 
melt differs depending on the ratio between the elements. An 
optimum ratio of R 7 0 : S0 3 : MgO is 1 : 8 : 11 [5], An intro¬ 
duction of the complex in an amount from 0.5 to 2.5% causes 
a significant decrease in the liquid phase viscosity, from, 
0.08 Pa • sec to (for initial melt) to 0.01 Pa • sec (the content 
of the complex 2.5) A further increase in the concentration of 
this additive in the melt produces an insignificant decrease in 
viscosity. 

If the ratio of R + , Mg 2+ , and SO 4 ions in the melt is not 

controlled, they can form salt eutectics K 2 S0 4 ■ 2MgS0 4 
(melting point 634°C), Na 2 S0 4 (642°C) and K 2 S0 4 + 
Na 2 S0 4 + MgS0 4 (660°C) [ 6 ] and significantly modify the 
viscous flow of the melt (Fig. 1, curves 2 and 4 ). With a con¬ 
tent of the double salt K 2 S0 4 • 2MgS0 4 in the liquid phase 
equal to 0.5 - 2.0%, the viscosity of the melt increases, and 
when this content is over 2%, the viscosity decreases. A cer¬ 
tain increase in viscosity at low concentrations of the double 
salt can be interpreted in the context of acid-base equilib¬ 
rium. When K 2 S0 4 • 2MgS0 3 in the melt dissociates into K + , 
Mg 2+ , and SO 4 ions, potassium cations due to their higher 
basicity cause a shift in equilibrium toward the formation of 
an additional quantity of aluminum and iron ions in the tetra¬ 
hedral coordination, which have decreased mobility. As a 
consequence, a slight increase in viscosity is registered. 

The sodium double salt Na 7 S0 4 • 3MgS0 4 and the eutec¬ 
tic mixture of sulfates K 2 S0 4 + Na 2 S0 4 + MgS0 4 typically 
decrease the melt viscosity. In general, the introduction of 
potassium, sodium, and magnesium sulfates into the melt 
causes an intense decrease in viscosity with an increasing 
concentration of R 7 S0 4 . To obtain preset values of the liquid 
phase viscosity, it is necessary to strictly observe an optimum 
combination of double salt element found in the mathematical 
design. Otherwise, liquation may take place, which can delay 
the process of mineral formation in synthesis of clinkers. 


, Pa U sec; ;, N/m 




Additive content, % Additive content, % 




Additive content, % Additive content, % 

Fig. 1. Viscosity ( a, b ) and surface tension (c, d) isotherms of 
eutectic melt in the presence of additives (temperature 1450°C): 
1 ) K 2 S0 4 ; 2) K 2 S0 4 ■ 2MgS0 4 ; 3 ) Na 7 S0 4 ; 4 ) Na 2 S0 4 • 3MgS0 4 ; 
5) MgO; 6) R 2 0 + Mg0 + S0 3 ; 7) CaS0 4 ; 8) CaCl 2 ; 9) CaF,; 
10) CaCL, + CaS0 4 ; 11 ) CaF 2 + CaS0 4 . 


The mobility of a high-basicity aluminoferrosilicate melt 
grows in the presence of/>-elements. (Fig. 1 b). The viscosity 
decreases especially intensely in the presence of eutectic salt 
systems, whose compositions are listed in Table 1. 

It follows from the results obtained (Fig. lb) that com¬ 
plex salt additives are more effective than individual salts, 
and the intensity of their effect is even higher than the effect 
of halides, especially perceptible with a content up to 1%. 
The highest effect under a low content (up to 1.5%) was 
exercised by the additive CaF 2 + CaCl 2 . When the content of 


TABLE 1 


Eutectic 

CaF 2 + CaS0 4 
(951°C)* 

CaF, + CaCl 2 
(651°C) 

CaCl 2 + CaS0 4 
(708°C) 

CaF 2 

50 

19.5 

- 

CaCL 

- 

80.5 

87.5 

CaS0 4 

50 

- 

12.5 


* Melting point indicated in brackets. 
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these compositions grew to 5%, the minimum viscosity value 
(0.003 Pa • sec) was registered in a melt modified by the flu¬ 
oride-sulfate mixture. The melts containing CaCl 2 + CaS0 4 
in an amount of 3 - 5% had low viscosity values, which va¬ 
ried in the limits of 0.007 - 0.010 Pa • sec, which is presum¬ 
ably due to a predominant effect of Cl - on the structure of 
melts containing F~ and S0 4 . 

Thus, experimentally discovered acid-base interaction 
between various coordination forms between various coordi¬ 
nation forms of aluminum and iron ions in salt-oxide melts 
has a critical effect on the parameters of their viscous flow, 
which is established both for individual salts and for some 
most effective mixtures. For some elements, such as Mg, a 
significant factor as well is a decreased energy of Ca - O 
bond in the presence of a stronger cation, whereas for other 
elements (F, Cl) an important factor is the screening capacity 
of the ion. Some mixtures exhibited an abnormal deviation 
from additivity, which was due to the mutual effect of ions 
introduced. Therefore, in selecting composition of complex 
catalysts, one should take into account not only modification 
of the acid-base properties of the melt, but also more com¬ 
plex inter-ionic interactions in the liquid phase. 

The surface tension of melt is determined by the volume 
structure of liquid and mainly by the state of its surface layer. 
Therefore, surface tension upon introducing various ele¬ 
ments can vary not only as a consequence of modified sur¬ 
face activity of matrix ions, but also due to high adsorption 
capacity of ions introduced. The regularities of surface ten¬ 
sion variations in the melt depending on reactions between 
particles in its volume, the composition and structure of the 
surface layer, and on the type of modifying elements are ob¬ 
served less accurately, therefore in this case one can talk only 
of a trend in manifestation of the following regularities: sur¬ 
face tension decreases with growing basicity of s-elements 
and growing acidity of p- and J-elements. 

The surface tension of a eutectic melt at a temperature of 
1540°C is 0.55 N/m and decreases in the presence of sulfates 
of alkali metals (Fig. lc). Its value with 3% Na 2 S0 4 additive 
was 0.374 N/m, and with 3% K 2 S0 4 it was 0.356 N/m. A 
different effect of sodium and potassium sulfates on the sur¬ 
face tension of the melt is due to a different value of energy 
of the bond of the cation to oxygen. A lower value of the 
bond energy for K - O (46 kJ • Avogadro number), than for 
Na - O (84 kJ • Avogadro number) determines lower surface 
tension of potassium-bearing melts. According to the regu¬ 
larities earlier obtained [7], low values of surface tension of 
melts containing alkali metal sulfates point to deterioration 
of the process of particle aggregation in the sintering zone of 
a rotating furnace, due to which a content of dust-like grains 
increases. Therefore, it is necessary to select complex addi¬ 
tive compositions in such a way that their introduction would 
intensely lower the viscosity of the melt and insignificantly 
modify the surface tension. 

One of additives, whose presence changes surface ten¬ 
sion insignificantly, is magnesium oxide. The Mg 2+ ion due 


to its higher polarizing capacity than that of Ca 2+ ion (the 
bond energy Mg - O is 163 kJ ■ Avogadro number) decrease 
the energy of Ca - O bond, which facilitates its easier rup¬ 
ture. As a consequence, silicon-oxygen complexes, which 
are weakly bonded in the melt, become additionally dis¬ 
placed to the surface layer and reduce the surface tension by 
diminishing the number of saturated bonds per surface unit 
of the melt. 

In joint presence of R 2 0, MgO, and S0 3 
(R 2 0 : MgO : S0 3 = 1:8:11) the surface tension of the 
melt decreases to a lesser extent (Fig. 1, curve 6) than when 
the melt is modified by alkali metal sulfates. In this case the 
magnesium ion increases the solubility of alkali metal sul¬ 
fates in the melt and thus prevents displacement of Na + and 
K + into the surface layers of the melt, accordingly, sulfate 
ions make the main contribution to decreasing the surface 
tension. This is corroborated by an intense decease in surface 
tension in the presence of K 2 S0 4 ■ 2MgS0 4 and a eutectic 
mixture of sodium, potassium, and magnesium sulfates. The 
most perceptible decrease in surface tension is observed in 
the presence of complex additives introduced in an amount 
up to 2%. 

A more intense decrease in the surface tension of the 
melt is observed in the presence of CaCl (Fig. Id). Enrich¬ 
ment of the surface layer of the melt with chloride ions raises 
the acidity of liquid contacting with CaO and 2CaO • Si0 2 
particles, as a consequence of which a content of Me0 6 
groups increases at the expense of Me0 4 , which facilitates a 
decrease in viscosity even compared to volume values found 
in measurements. The diffusion of Ca 2+ and SO 4 ion inten¬ 
sifies in the emerging highly mobile melt layer, which acti¬ 
vates the processes of dissolution and crystallization. A 
higher surface activity of Cl - is due to a higher concentration 
of F ions than Cl ion in the coordination sphere of Ca 2+ , 
which impedes their displacement into the surface layer of 
the melt. Furthermore, the radius of Cl (1.81 A) exceeds the 
radius of F" (1.33 A), therefore, when O 2- ions in the surface 
layer are replaced by Cl~, the surface energy of the melt and 
the surface tension decrease to a greater extent. 

On introducing salt additives CaCl 2 + CaS0 4 and 
CaF 2 + CaCl,. surface tension decreases more intensely than 
in the case of introducing individual salts, and the modifier 
CaF 2 + CaSi0 4 exhibits an additive effect of dissolved ions 
(Fig. 1, curves 10 and 11 ). The emerging melts are characte¬ 
rized by low surface energy, and the surface tension values 
with a 3 - 4% content of additives vary within the limits of 
0.31 -0.36 N/m, which is significantly lower than the sur¬ 
face tension of the initial melt (0.55 N/m). Based on inten¬ 
sity of lowering surface tension, the salt melts are ranked as 
follows: CaF 2 + CaS0 4 -> CaF 2 + CaCl 2 -> CaCl 2 + CaS0 4 . 

Liquation phenomena in acid silicate melt and glasses 
are thoroughly investigated [8, 9]. The stratification process 
is usually attributed to the propensity of cations for associa¬ 
tion with complex groups. The melt in liquation forms two 
liquid phases: a high-silica and a high-calcium phase, which 
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Fig. 2. Microstructure of clinker glass (x 10,000) obtained by abrupt cooling of melts containing: 
a) 1% Na 2 S0 4 ; 6)4% Na 2 S0 4 ; c) 2% IC,S0 4 • 2MgS0 4 ; d) 1% F"; e) 1% (CaF 2 + CaS0 4 );/) 1% 
(CaF 2 + CaCl 2 ). 


have different structure and properties [8]. Dissolving in the 
high-calcium strongly depolymerized phase, aluminate com¬ 
plexes raise its degree of polymerization and thus bring it 
closer to the structure and properties of the high-silica phase. 
As a consequence, the mutual solubility of two phases in¬ 
creases and the liquation temperature decreases. The ten¬ 
dency of melts for stratification well correlates with the 
value of their interphase surface energy. In the sequence of 
melts Li 2 0 + Si0 2 , Na 2 0 + SiO, and K 2 0 + Si0 2 the 
interphase energy decreases from Li to K and the mean size 
of the disperse phase particles decreases in the same order 
due to the prevalence of the entropy factor and the range of 
metastable liquation becomes narrower [9]. Adding a third 
component (oxide) to binary liquating melts results in its dis¬ 
tribution between the coexistent phases. In the presence of an 
oxide containing a weaker cation, liquation phenomena in 
the melt with a stronger cation decrease. 

The considered regularities of liquation phenomena are 
preserved in high-basicity aluminoferrosilicate melts, al¬ 
though an increased content of cations in the latter is respon¬ 
sible for some anomalies. The formation of micro- and 
macro-liquation salt zones differing in their acid-base pro¬ 
perties is related to different mobility of ions in the melt and 
high surface activity of cations cations and /^-element ions. In 


the presence of alkali metal sulfates, oxide liquid is immisci¬ 
ble with the salt melt (Fig. 2 a and b) and the degree of their 
mutual solubility varies depending on the type and content of 
salt introduced. Differentiation of the liquid phase composi¬ 
tion occurs due to adsorption of anion groups in the surface 
layer of the melt, and due to low mobility of silicon-oxygen 
complexes, which causes their increased concentration in the 
melt zones adjacent to dissolving silica-bearing phases. With 
a sulfate content ranging from 0.5 to 0.8%, they completely 
dissolve in the oxide matrix, and after melt hardening, a suf¬ 
ficiently homogenous vitreous phase is formed with occa¬ 
sional inclusions of crystals 3CaO • A1 2 0 3 . When the content 
of R 2 S0 4 is over 1%, microliquation is observed (Fig. la). 
The size of liquation zones in systems with Na 2 S0 4 and 
K 2 S0 4 is different. 

It is demonstrated in [8] that there is a clear correlation 
between the liquation zone width and the cation parameters. 
A potassium-bearing melt has less surface energy than a melt 
with Na + . Therefore, due to the prevalence of the entropy 
factors, the average particles size will diminish in transition 
Na —» K and the metastable liquation range will become nar¬ 
rower. The liquation drop size in a melt containing 1% 
K 2 S0 4 is equal to (0.6 - 1.3) x 10 3 A, whereas in a melt con¬ 
taining 1% Na 2 S0 4 the average drop size is (1 — 3) x 10 3 A. 
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TABLE 2 






Mass content, % 





CaO 

Si0 2 

A1A 

Fe,0 3 

MgO 

S0 3 

K 2 0 

Na 2 0 

C 3 S 

k 2 so 4 

5.95 

1.40 

0.08 

0.01 

- 

42.56 

50.00 

- 

4.67 

Na 2 S0 4 

5.90 

1.30 

0.08 

0.01 

- 

52.23 

- 

40.28 

4.35 

K 2 S0 4 ■ 2MgS0 4 

13.78 

1.93 

0.46 

1.09 

3.88 

56.49 

21.30 

1.07 

6.43 

Na 2 S0 4 + K 4 S0 4 + MgS0 4 

13.49 

2.16 

0.22 

0.19 

1.44 

56.60 

13.60 

15.50 

7.20 

Na 2 S0 4 ■ 3MgS0 4 

13.52 

2.31 

0.29 

0.31 

4.37 

66.35 

0.61 

12.24 

7.70 


With 2% K 2 S0 4 the liquation areas grow, single drops merge 
and form a worm-shaped lattice structure. When modifiers 
are introduced above 3%, the oxide melt matrix cannot retain 
large areas of salt melts, they start migrating toward the sur¬ 
face layers and due to a decreased density (Pk 2 so 4 = 
1.82 g/cm 3 , p Na2 so 4 = 1-93 g/cm 3 , p melt = 2.8 g/cm 3 ), the 

salt phase forms a surface layer on top of the oxide melt. 
Macroliquation is a kinetic process and in the case of 
macrostratification, drops of sulfate-alkali melts are present 
in the oxide melt volume and crystallize in the case of sharp 
cooling (Fig. 2b ). 

On introducing a third component (for instance MgO) 
into a liquating sulfate-alkali system, the oxide is distributed 
between the existent phases and, as a consequence of in¬ 
creasing the surface energy of the oxide melt, the solubility 
of alkali sulfates in this melt grows, which weakens the 
liquation phenomena. This regularity is observed both in in¬ 
troducing Mg 2+ ions into a melt containing the complex 
R 2 0 + S0 3 , and in adding double salts Na 2 S0 4 ■ 3MgS0 4 
and K 2 S0 4 • 2MgS0 4 . A high concentration of magnesium 
ions completely suppresses liquation. 

An intense decrease in viscosity and surface tension is 
observed in the presence of the complex R 2 0 + MgO + S0 3 
up to 2%, and with a higher content, microliquation 
starts and the melt properties virtually do not change. When 
a content of SO 4 in a melt containing R + and Mg 2+ in¬ 
creases, K 2 S0 4 • 2MgS0 4 , K 2 S0 4 + Na 2 S0 4 + MgS0 4 , and 
Na 2 S0 4 • 3MgS0 4 are formed, and the melt structure in their 
presence significantly changes. With more than 1.0% 
Na 2 S0 4 • 3MgS0 4 and more than 1.5% K 2 S0 4 • 2MgS0 4 , 
microliquation is observed, which transforms into macro¬ 
liquation, as their respective contents grow to 1.5 and 2.0%. 
The low surface tension of the melt (0.42 N/m) in the pre¬ 
sence of Na,S0 4 facilitates the displacement of the sodium- 
magnesium-sulfate liquid into the surface layer. Decreased 
solubility of NaS0 4 • 3MgS0 4 in an oxide melt leads to the 
crystallization of the liquating phases in cooling in the form 
of needles. As the content of the modifier grows to 3.0%, sin¬ 
gle needles form long fibers. With 2% K 2 S0 4 ■ 2MgS0 4 , the 
structure of an abruptly chilled melt is represented by spongy 
clusters of different shapes and sizes (Fig. 2c). An increase 
in the additive content up to 3% facilitates merging of these 
clusters. 

Liquation phenomena in halogen-bearing melts are ob¬ 
served under lower concentrations of anions than in sulfate 


melts. The emergence of liquation areas in silicate halo¬ 
gen-bearing melts and glasses is interpreted [ 1 ] in the context 
of the screening theory developed by Veile. According to this 
theory, the degree of screening of cations grows with increas¬ 
ing polarizability capacity of cations. Since ion F“ has a 
lower value of polarizability [0.96 (A) 3 ] than the oxygen ion 
[2.74 (A) 3 ], it completely dissolves in the oxide melt and as 
the content of fluoride ions further increases, liquation zones 
of size (2 - 3) x 10 3 A are formed. CL ions are characterized 
by higher polarizability than F~ ion, therefore, in its presence 
the degree of screening grows, microliquation arises at a 
higher content of CL (2 - 3%) and is accompanied by the 
formation of liquation areas of smaller sizes. 

On introducing eutectic salt mixtures, microliquation in a 
melt arises at a lower absolute concentration of p-elemcnts 
with formation of larger zones. The size of liquation areas in 
replacing CaCl 2 by CaS0 4 in a fluorine-containing melt 
grows from (0.5 - 1.0) x 10 3 to (6-12)xl0 3 A (Fig. 2, 
d-g). In halogen-bearing melts immiscibility is typically 
observed even in the absence of alkali cations, and after in¬ 
troduction of complex salts, their concentration decreases 
virtually by half and determines the formation of salt melts. 
Therefore, with a total content of fluoride, chloride and sul¬ 
fate equal to 0.3 - 0.5%, one should expect the formation of 
microliquation zones in the oxide melt. 

The mutual solubility of components of oxide and salt 
melts was identified by the method of isothermic saturation 
of macroliquating phases with subsequent abrupt cooling of 
melts and determination of the composition of the oxide 
glass and the liquating phase. The solubility of salt melts in 
an oxide melt at a temperature of 1450°C does not exceed 
3 - 5%, and at higher concentrations, micro- and then 
macro-liquation start. The solubility of oxides (especially 
CaO) varies significantly depending on the temperature and 
composition of the liquating phase. Salt melts based on 
R 2 S0 4 dissolve 5.90-5.95% CaO and 1.3-1.4% Si0 2 , 
whereas aluminum and iron oxides are virtually insoluble 
(Table 2). The content of CaO in melts based on Na 2 S0 4 + 
K 2 S0 4 + MgS0 4 , Na 2 S0 4 • 3MgS0 4 , and K 2 S0 4 • 2MgS0 4 
is 13.49 - 13.78%, the content of SiO, in these melts grows 
to 1.93 - 2.31%, and A1 2 0 3 and Fe 2 0 3 dissolve in an amount 
of 0.19- 1.09%. 

High solubility of CaO in sulfate-magnesium melts is 
due to the formation of intermediate compounds of the type 
of K 2 S0 4 • CaS0 4 • MgS0 4 and K 2 S0 4 • 2CaS0 4 . The pro¬ 
cess of dissolution of calcium oxide occurs through ionic ex- 
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change Mg 2+ <-A Ca 2+ on the CaO - salt met interface. The 
proximity of the energy and geometrical parameters of these 
cations facilitates the dissolution process. An exchange of 
Na + and K + ions with Ca 2+ is difficult due to a difference in 
their charges, which lowers the concentration of CaO in 
R,S0 4 melts. Silicon, aluminum, and iron ions do not have 
isomorphic anions in salt melts, therefore, their concentra¬ 
tions are not high. 

The solubility of CaO in complex salt melts based on 
CaF 2 + CaCl 7 , CaF, + CaS0 4 , and CaCl 2 + CaS0 4 increases 
with increasing temperature in an interval of 950 - 1320°C 
(temperature coefficient 2 x 10 ~ 2 %/°C). The maximum so¬ 
lubility of CaO (12-15%) at a temperature of 1100- 
1300°C is observed in the salt melt based on CaCl 2 + CaS0 4 
and its values decrease in a consecutive replacement of anions 
in the sequence of Cl - —> F~ —> SO 4 . All melts investigated 
exhibit rather high dissolution of CaO at relatively low tem¬ 
peratures, accordingly, by extrapolating the regularities ob¬ 
tained to a temperature of 1450°C, we can assume that the ul¬ 
timate solubility of CaO will significantly exceed the respec¬ 
tive values determined for mixtures of alkali metal sulfates. 
Multicomponent salt melts saturated with CaO can dissolve 
up to 1.83% Si0 2 (at 900°C, mixture CaF 2 + CaCl 2 ) and up 
to 1 % aluminum and iron oxides. 

CaO dissolves more intensely in highly mobile salt 
melts, and these melts act as a transport medium for calcium 
cations diffusing into local areas rich in silica-bearing com¬ 
ponents, where the formation and crystallization of tri¬ 
calcium silicate takes place. In crystallization of salt melts 
saturated with calcium, aluminum, and iron oxides, in which 
liquation is observed, along with single or double salts there 
are silicate phases, predominantly C 3 S. According to the 
chemical analysis data of a extract in boric acid, 4 - 5% cal¬ 
cium silicate is formed in melts of alkali metal sulfates. Ex¬ 
cessive calcium oxide forms CaS0 4 ad R 2 S0 4 • CaS0 4 and 
also dissolves in the sulfate, which causes a shift in the ab¬ 
sorption bands in the 1R spectrum of Na 2 S0 4 : 615, 
640 —> 625, 645 and 1120 —> 1090 cm~ h In the presence of 
Mg 2+ , double salts are formed: K 2 S0 4 • 2MgS0 4 (4.05, 3.14, 
2.65 A), K 2 S0 4 • CaS0 4 • MgS0 4 (4.15, 3.21, 2.74 A), and 
the content of calcium silicates grows (to 6,5%), which, how¬ 
ever, cannot be identified by x-ray phase analysis, since their 
diffraction reflections are superimposed on the peaks of the 
prevailing phase K,S0 4 • 2MgS0 4 . The emergence of ab¬ 
sorption bands at 490 and 835 cm 1 typical of C 3 S corrobo¬ 
rates its crystallization from the melt. 

Similar studies performed with halogen-bearing salt 
melts saturated with aluminum, silicon, iron, and calcium 
oxides also corroborated the formation of calcium silicates. 

In cooling of salt melts, 6 - 9% tricalcium silicate crystallizes. 

Thus, the studies performed revealed a modification of 
the structure and properties of high-basicity aluminoferro- 
silicate melts in the presence of individual and mixed addi¬ 
tives containing halides and sulfates of alkali metals. The 
structure of modified melts depends on the acid-base proper- 
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ties of dissolving ions and the effect of the modifiers depends 
on the direction of the shift of acid-base equilibrium in the 
melt. 

It is established that a high-basicity melt in the presence 
of salts and their mixtures stratifies into two liquid phases: an 
oxide phase with dissolved ions of the salt introduced and a 
salt phase containing ions of the oxide component. The pro¬ 
pensity of a melt for liquation increases with growing acidity 
of anions introduced in the series SO 4 -A Cl —> F and 
with increasing basicity of s-elements in the series 
Mg 2+ —» Na + —» K + , which correlates with the modification 
of the surface energy of the melt and in general agrees with 
the regularities revealed for more acid systems. Calcium ox¬ 
ide is most dissolving component in high-mobility salt melts, 
whereas the concentration of aluminum, silicon, and iron 
ions is not high. 

The regularities obtained on modifications of viscosity, 
surface tension, and structure of clinker liquid depending on 
the type and concentration of modifiers can be used in pre¬ 
dicting kinetics of liquid-phase sintering for various silicate 
systems. 
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